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The distribution of veloclty and pressure astera of a full-scale Mark 18 torpedo
with and without a2 shroud ring was determined at 2 speed of 7 knots. The results
of the tests indicate that, the shroud ring has littie effect on the wake over the
inner part of the propelier disk area, but increases the wake 1 to 3% in the outer
part of the area. The difference between the local static pressure when the tor-
pedo is underway, and the hydrostatic pressure whea the torpedo is at rest is a
maximum at the center of the after end of the propeller nut, and approaches zero
86 inches aft of the after end of the propeller nut. The increase of static pregsure

throughout the wake area represents a relatively small part of the total stream
energy astern of the torpedo.

Coples of this report obtainable from Air Documents Division; Attn: MCIDXD
Torpedoes, Naval - Hydrodynamics
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WAKE SURVEY OF THE MARK 13 TORPEDO

ABSTRACT

The distribution of veloeity and pressure astern of a full-scale
Mark 13 torpedo with ang without a shroud ring was determined at a speed or

7 knots. The results of the tests indicate that the shroud ring has little

effect on the wake over the inner part of the propeller disk area but in-

creases the wake 1 to 2 per cent in the outer part of the area. The differ-~
ence between the local static pressure when the torpedo is underway and the

hydrostatic pressure at rest is a maximum at the center of the after engd of

the propeller nut ang approaches zero 36 inches aft of the after end of the

propeller nut. The increase of static pressure throughout the wake area

represents a relatively small part of the total stream energy astern of the
torpedo.

INTRODUCTION

When a torpedo passes through water, it imparts motion to the
neighboring fluigd particles,

The aggregate motion of these particles rela-
tive to undisturbed water 1s known as the wake.

nearly symmetrical about the axis of the torpedo
point to point in both magnitude and direction.
age of the wake at every radius, measured in the
portant factor for consideration in determining t
other design features of propellers.

In accordance with a request of the Bureau of Ordnance (1),* the
David Taylor Model Basin undertook the exploration of the wake astern of g
‘full-size Mark 13 torpedo without a shroud ring. The program was later

broadened to include the distribution of wake ang pressure when the torpedo
was fitted with a shroud ring (2)(3).

The wake of a torpedo 1s

but varies otherwise from
The circumferential aver-
propeller plane, is an im-
he piteh distribution and

. TEST SETUP AND PROCEDURE

The tests to determine the velbeity distribution astern of a Mark

13 torpedd without & shirouq ring webe echdusted By means of a 6-slement pltot
rake. As shown in Figure 1, the pitot rake consists of 6 small pitot tubes

of a streamlineqd strut. The survey of the dis-

N e ¢ e

B




- TMB 14413,

Flgure 1 - Arrangement fop Measuring the Wake of the
Mark 13 Torpedo with a 6-Hole Pitot Rake
The propellers viere replaced by dummy hubs,

The view shows the Pitot rake with the piezometer
openings placed 3 inches forward of the after eng

of the propeller nut,

Towing Dynamometer

I Waterline
o
N\ ©
\ <
w
Pitot Tube ’
t'
<
] |
Ul o
3 }
]——36“——-—--—-—-—-60.526"\—1-._45.434"—-—-—-—---—-—-—-53.99"
B

IGI"""‘—‘—'-—-—\

Flgure 2 - Towing Arrangement fop the Wake Survey of
the Mark 13 Torpedo wlth Shroug Ring

The sketch shows the momting d the pitot tube for meas

plane of the propellers, with the 13-hole spherical pitot tube.

Plane 36 inches aft of the after end of the propeller nut,

torpedo axis at 6~inch intervals from 6 inches

of the torpedo an

wring the wake at 4, the mig-
A survey wag also made at B
A Preliminary survey wag

P
to 42 inches aft of the after end of the

made along the
Propeller nut,
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OPERATION WITH THE PITOT RAKE

The torpedo without a shroud ring, but with the propellers replaced
by dummy hubs, was suspended from the floating girder of Carriage 2 over the
deep-water basin at a submergence of 68.62 inches to the top of the torpedo,
similarly to the arrangement in Figure 2. Since the wake of the torpedo is
assumed to be symmetrical about the torpedo axis, only one quadrant was ex-
plored. The veloclty of the water parallel to the axls at the midplane of
the propeller hubs was obtained by measuring the axial components of the
veloclty heads at various points.

In the tests the pitot rake was hung vertlcally from the girder
with the dynamic pressure openings in the midplane between the two propeller

hubs, as shown in Figure 1. The dynamic and static pressures were measured

by a 12-tube water manometer connected directly to the pitot tubes by copper
and rubber tubing. Prior fto the runs, the datum pressure level was raised
from the level of the water in the basin to a convenient height on the manom-
eter by reducing the pressure. in the manifold connecting the tops of the
tubes. The arrangement of the manometer and associated apparatus is shown
in Figure 3.

The dynamic and static pressures at the pitot-tube positions were
measured at a ftorpedo speed of 7 knots. Generally, the levels of the water
in the manometer tubes reached a steady height during one run. However, if
the heights of the water columns were unsettled at the end of the run, the
petcocks were closed before the carriage started to decelerate, and were
opened again on the next run after the carriage speed became constant. The
runs were repeated until the levels in the manometer tubes remained constant
After the heights of the water columns in the manometer tubes were recorded,

the pitot rake was placed in another position and the operation was repeated
until the entire quadrant had been explored.

OPERATION WITH THE 13-HOLE SPHERICAL PITOT TUBE

The torpedo equipped with a shroud ring, but with the propellers
replaced by dummy hubs, was suspended from the floating girder of Carriage 2

over the deep-water basin at a submergence of 68.62 inches to the top of the
torpedo, as shown in Figure 2.

1. The upper port and lower starboard quadrants in the midplane between
the two propeller hubs, as shown in Figure 7 on page 9.

"

7. A segment of the torpedo axis astern of the torpedo at 6-inch in-

tervals, from 6 inches to 42 inches aft of the after end of the propeller hub,
as shown in Figure 6 on page 8.

The three locatlions explored were:
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Monlfold—7
13-Tube Monometer \ .
i
Vacuum Tank
A\,
N Static-Pressure
Reference Tube
A
Dsge
E- Fr=E
Flushing
e Tank
e B B Petcocks

Z
£\facuum Pump

OO0

Fixed Girder el

Rubber Tubing

End of Tube
Pitot-Tube Strut Submerged

/—ln Bosin

Figure 3 - Diagrammatic Arrangement of the Manometer
and Pitot-Tube Connections

Each tube of the manometer ie comnected to one of the 13 holes of the pitot tube. The system
ie then filled by opening the pinch clamps A and D and evacuating the flushing tank, thus drawing
the water of the baein into the tubee and allowing it to spill over into the tank. The flushing is
continued wmtil all the tubes and leads aro cleared of air bubbles. The pinch clamps A and D are
then closed and B is opened. The pressure in the vacuum tank is reduced wmtil the water column in
the static refsrence tube reaches a convenient height E-E. The pinch clamp B is closed and C ie
opened to allow the water colums to settle to E-E. Pinch clamp D is then momentarily opened until
the manifold ie entirely drained of water. The manometer-tube water levels obtained from a run are
maintained by cloeing the petcocks before the carrisge etarts to decelerate at the end of each run.
They are opened again on the next run after the carriage speed becomes coretant.

3. The lower starboard quadrant and the two U5-degree diagonals in a
plane 36 inches aft of the after end of the propeller nut, as shown in Figure
9 on page 11.

The selected points of exploration for Locations 1 and 3 were ar-
ranged at 2-inch horizontal and vertical intervals. The maximum velocity, the
direction of flow, and the difference in pressure with the torpedo at rest
and at a speed of 7 knots were obtained at these points, using the 13-hole
spherical pitot tube for the measurement of the velocity and pressure at each
point. The method of operation of this tube is described in the Appendix.
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TEST RESULTS

The test results are shown in Figures 4 through 10. Figures 4 and
5 represent the wake distribution obtained with the pitot rake in the mid-
plane between the propellers of the Mark 13 torpedo without a shroud ring.

The velocity of flow at each position of the pitot tubes was obtained by us~
ing the dynamic pressure formula

V.=V2gh . [1]
where V, 1s the velocity in feet per second of the longitudinal flow relative
to the torpedo at the position of the pitot tube,

H 1is the difference in feet between the height of the water in the im-

pact tube and the height in the statlie tube as measured on the manom-
eter, and

g 1s the acceleration of gravity in feet per second per second.

The wake fraction at each position was then calculated by the use of Taylor's
notation (5)(6)
V-1

w=——V—-—><100 (2]

where w 18 the wake fraction in per cent and V 1s the speed of the torpedo
relative to undisturbed water in feet per second.

The values obtained from Equation [2] were plotted and cross-faired
horizontally and vertically to obtain the contours of equal wake shown in
Figure 4, The values of the circumferential mean wake w, for the curve la-

beled "Average Wake at any Radius," Figure %, were obtained by evaluating
the expression,
jwdo

2x :
Jde :
at constant radii; thus w, 1s the integral average of the wake taken around a
circle of a fixed radius », and w denotes the value of the wake at any point
on the circumference. The expression f 2mr w, dr/f 2nrdr was then inte-
grated and plotted as a function of 7 td obtain the éurve labeled "Area Mean
Wake in the Midplane between the Propeller Hubs," Figure 5.
The test results obtained wlth the 13-hole spherical pitot tube are
shown on Figures 6, 7, 8, 9, and 10. The wake diagrams are self-explanatory.
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(Text continued on page 13)
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Figure 4 . Contours of Constant Wake in the Midplane between the
Propeller Hubs of the Maprg 13 Torpedo Without g Shroug Ring .
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The Y- plane in Figure (A) represents
a section through the torpedo at the point of
measurement.

Vector OA lies in the Y-Z plane and is
shom in the flow diagram. This vector indi-
cates the transverse flow components in magni-
tude and direction.

Vector 0B is parallel to the centerline
of the torpedo. Its length is equal to the
torpedo speed multiplied by (1 - W), where w
is the wake fraction.

Vector OC is the resultsnt veloeity of
flow relative to the torpedo.

Figure A

__ The gg}ationships between the vectors
0A, 0B, and OC are shown in Figure (B),

O e A
i Vector on
! Diagram——
1 ot
' i
d S
Wake Fraction w |
{Numbers on Diagram) |
an
L) 50 o
Percentage

Figure B

Figure 7 - Wake in the Midplane between the Propeller Hubs
of the Mark 13 Torpedo with Shroud Ring

The submergence to the top of the body was 68.62 inches.

The wake was measured in a plane 3 inches forward of the extreme after end of the propeller nut.
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The Y-Z plane in Figure (A) represents

a section through the torpedo at the point of
measurement.

Vector 04 lies in the y—gz plane and is

shown in the fiow diagram. This vecior indi- ! E
cates the transverse flow components in magni- : .
i

// 3 ﬁ_-—

—~—Torpedo Qutline and l \\

Outside Diameter of Shroud Ring \
_‘{‘s

3 \
/meng Edge of Shroud Ring 15 \

i ~
Outline of Hub 3 inches Forword 77

tude and direction.

Vector OB is parallel to the centerline
of the torpedo. Its length is equal to the
torpedo speed multiplied by (1 - W), where w
is the wake fraction.

— | U
Vector OC is the resultant velacity of ; ;
flow relative to the torpedo. '

e

The relationships between the vectors
04, 0B, ana OC are shown in Figure (B).

Figure A
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of After End of Propeller Nutj’ \ G _-——_—_—_——_—_q\;&a—c};:a“__“ (
/ ; \ { Diagram——
g - - g B =S / oRl 7 ?"H“v G r— | ,
Ry l i/ Wake Fraction w e .
\\ /‘o‘ s / / I (Numbers on Diagram) [ | :
308, A3 3 3 ! | — 50 T o % % % —% ‘;
i 7 1 100 50
\ \ . \H:_’/ TL / Percentage Figure B
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= i'——-""'# Figure 9 - Wake 36 Inches Aft of the After End of the Propeller Nut

of the Mark 13 Torpedo with Shroud Ring
The submergence to the top of the body was 68.62 inches.

I 2 2
Y-Z Plane, Looking Forward The wake was measured in g Plane 36 inches aft of the extreme after end of the propeller nut.
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DISCUSSION OF THE RESULTS

The complete analysis of the results of the survey and the effect
of the veloclty and pressure distribution astern of the torpedo on the pro-
peller performance are beyond the scope of this report. Therefore, only the
results of the tests and the relative accuracy of the data shown on the dia-
grams will be discussed.

A comparison of the wake survey made with the torpedo fitted with a
shroud ring, using the spherical pitot tube, and the survey with no shroud
ring on the torpedo, using the pitot rake, is shown on the composite diagram,
Figure 11. Here the contours of equal wake obtained from the measurements
with the 6-tube pitot rake, Figure 4, are superimposed on the wake values
taken at the midplane between the propeller hubs with the 13-hole spherical
pitot tube in the upper port quadrant, Figure 7.

Because of the uncertainty of the pressure field of the strut of
the 6-tube pitot rake when operating in nonuniform flow and also the varia-
tion of the static pressure between the fore-and-aft location of the impact
and the static openings of the pitot tubes, the values of wake obtained using
this rake, Figure 4, are not considered as accurate as the values of wake ob-
tained with the 13-hole spherical pitot tube. Therefore the numerical results
shown at the various spots, Figures 7, 9, and 11, are considered to be the
best indication of the local wake. In most instances where variances were
apprecliable, the spots were repeated in order to verify the values shown.

The circumferentlial average mean wake at any radius obtained by either survey
method 1s, however, approximately the same.

The results of the local wake and pressure tests taken in the mid-
plane between the propeller hubs along the lower UY45-degree diagonal are tabu-
lated in Table 1, together with the results of the survey made at a similar
position on a 1/6-scale model in the Harvard Wind Tunnel {4). The pressure
coefficients are of the same order of magnitude near the hub, but as the
shroud ring is approached the pressure coefficients determined at the Taylor
Model Basin were found to increase, whereas those obtained by the Harvard
Wind Tunnel decreased. The TMB velocity coefficients are somewhat higher
near the hub than the Harvard results, both approaching unity Jjust outside
the shroud ring.

The numerical values of the static-pressure change are shown on the
diagrams, Figures 8 and 9. They are the results of finding the difference
between the local static pressure with the torpedo underway, as determined
from the curves,* and the datum pressure on the manometer board established

# This method is dessribed in the Appendix.
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Figure 11 - Composite Diagram of the Results of the Wake Survey in the
Midplane between the Propeller Hubs of the Mark 13
Torpedo with ang without a Shroug Ring

ke are the rssulte of the wake Pedo without a ehroud ring,
Pitot tube, as shown in Figure 4. The numbers pleced teside the circlee are
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TABLE 1

Wake ang Pressure Coefr

ieients or the Maryk 13
Torpedo Fitted with a Shroug Ring

Distance from
Torpedo Axig
N per cent

before making the run.
distribution on the
inch of water,

~bressure change shown on the
n to 0.05 inch or water, the actual statie bressure indicateq
is accurate only to the Nearest 0,710 inch or

Orpedo. The :

€ Dropellep nut,
static Pressure bec hydrostatic bressure, ig
s the magnitude of the

wake is
minisheq in the range in which the locaz Static bressure pre-
turns o the hydrostatie pressure of the Streanp Since thepre 1s no further
¢onversion of velocity to bressure
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APPENDIX

OPERATION OF THE 13~-HOLE SPHERICAL PITOT TUBE¥

When the pitot tube, Figures 12 and 13, is mounted in the position
at which the wake is desired, the datum pressure level is raised from the
level of the water in the basin to a convenient height in the 13-fube manom-

eter by reducing the pressure in the manifold connecting the tops of the
tubes, Figure 3. The torpedo is then towed at a constant speed. Each run
is repreated if the change in the height of any water column from the previous

One

run is more than 0.10 inch,
The manometer readings are plotted and two curves are drawn.

for the readings along the horizontal row of holes, called the port and star-
board curves, and the other, in reversed orientation, for the readings along
A typical plot

the vertical row of holes, called the top and bottom curves,
From these plots the location of the stagnation point

is shown in Figure 14.
and the angular direction to the pitot-tube axis of the horizontal and verti-

cal components of the flow are determined, as shown in Figures 14 and 15.
The angular distance 8 of the stagnation point from the pole, as

measured on a great circle through the pole and the stagnation point of the
flow, Figure 15, is found by the equation
§ = arc tan V(tan r)® + (tanv)?

The velocity V¥, of flow at the location of the stagnation point on
the sphere is obtained by dividing the velocity head at the pole by a correc-
tion coefficient obtained from the calibration curve, Figure 16, or

/2gH.
V. = gi1p b
¢ K, (4] ;

(Pext continued on page 22)

(3]

* This description will apply only to the use of the 13~hole spherical pitot tube for exploring the
region ustern of a torpedo. ‘TMB Report 487 entitled "Instruments Used to Measwre the Flow of Water
Around Ships and Ship Models,* by C.E. Janes, is in preparation. This report will describe in greater
detail and give the more general uses of the spherical-ended pitot tube
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Figure 12a - Lower End of Pitot Tube Strut

12b - Closeup of Spherical Pitot Tube Showing

Figure
Horizontal end Vertical Rows of Holes

R Figure 12 - The 13-Hole Spherical Pitot Tube

Details of the construction are shown in Figure 13.
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Figure 13 - Construction Details of the 13~Hole Spherical Pitot Tube

The 13~hole spherical pitot tube consists of a 1-inch diameter sphere mownted on the end of an arm
extending at right angles from the bottom of a faired strut. The shell of the sphere has 13 piezom-
eter openings, 1/32 inch in diameter, on the forward hemiephere. The holes are drilled along a ver-
tical and a horizontal great circle. One hole is drilled at the extremity of the arm axis known as
the pole, and the others are arranged symmetrically about it, 3 on each side, spaced 25 degrees apart.
The piezometer openings are connected to a 13-tube manometer by copper tubes through the strut.
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len

Starboard

Port
Plezometer Tops, Numbered from Pale Outword
{Spocing between Taps is 25 degrees)
! Figure 14 - Typical Curves of the Pressures Measured with
the 13-Hole Spherical Pitot Tube

The water level in all the tubes of the manometer before beginning a run is shown by the line D-D
drawn only for the port-starboard curve.

at its corresponding piezometer tap.

s e e S——————
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The steady water level in each tube was plotted as a circle

A smooth symmetrical curve was faired through these spots.
The angular distance of the line of symmetry from the pole is shown as & for the horizontal row of
. holes and v for the vertical row of holes.

These two angles are used to determine the direction of
transverse flow and the angular distance ¢ of the stagnation point from the pole by the formula,
9 =
i

arc tan V(tanh)z + (tan v)a_ The line 2-7Z is the value of the local static pressure of the
flow about the sphere and is determined by the intersection of the spread angle s with the curve.
: The spreed angle for either curve is obtained from a calibration curve, Figure 16, using the angular
distance v of top-bottom curve to determine the spread angle for the port-starboard curve and vice

verea.
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Figure 15 - Sketch Showing the Graphical Determination of the
Stagnation Point from the Positions of Maximum Pressure
on the Vertical and Horizontal Meridians

When the position of maximum pressure on any meridian is known, the point of meximum pressure on the
sphere will be on the great circle drawn perpendicular to, and through the position of maximm pres-
sure on, the meridian. The stagnation point is therefore at the intersection of the two great circles
passed through the points of maximum pressure on the meridians of the horizontal and vertical rows of
holes. The sngular positions of maximum pressure, angles y and s, are obtained from curves (see
Figure 14). It is evident that the engle ¢ is equal to arc tan Y(tanh)® + (tan v )>. The presswre
at the stagnation point can be found by dividing the pressure at the pole by a correction coefficient
obtained from a calibration of the tube, Figure 16.
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Figure 16 - Calibration Curves for the 13-Hole Spherical Pitot Tube

The correction coefficlent 1s the ratio of tle preesure at the pole to the preesure at the stagnation
point on the sphers. The angle ¢ is measured at the center of the sphere in the plane of a great
circle through the pole and the stagnation point. The spread angle 1s the angular dletance, on the

vertical or horizontal rowe of holes, from the point of meximum preeeure in the planee of the holes
to the point at which the dynamic proseure ie zero.
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where V, is the velocity of flow at the stagnation point in feet per second,
g 1is the acceleration of gravity in feet per second per second,

H, is the velocity head in feet at the pole and is equal to the differ-
ence between the reading at the pole and the local sftatic pressure,
line Z-Z of Figure 14, at the location of the pitot tube, and

K, is the correction coefficient for the angle ¢ obtained from the cali-

bration curve, Figure 16.
Having obtained the velocity V, at the stagnation point, the veloc-

ity components are cazlculated from the relations
V, = Vcos 6 (5]

Vr =V, sine (6]

where V, is the longitudinal velocity in feet per second and V; is the veloc-

ity transverse to the axlis in feet per second.
The wake fraction is then calculated by means of Equation [2]. The

transverse components, expressed as a percentage of V, are laid off as vec-
tors on the wake diagram, the directions of which are determined by the values

of h and v, exemplified in Figure 14,
The local static pressure, which is the sum of the potential pres-

sure plus the hydrostatic pressure, at the position of the pitot ftube is
usually different with the torpedo underway than when at rest. The value of
the local static pressure, line 2-Z in FPigure 14, is determined by the inter-

section of the spread angle s with the curve, the spread angle being obtained
from the calibration curve of Figure 16. The difference between the local

static-pressure level and the datum pressure level, lines Z-Z and D-D in
Figure 14, is the numerical value of the potential pressure at the position

of the pibtot tube with the btorpedo underway.
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